Radios that 
Work for Free 


K.E. Edwards 


- 

iad 

ee 
S 


a, 
. a - 
. 


ae 
. 7 


a 


ut 


Radios that 
Work for Free 


by 
K.E. EDWARDS 


HOPE and ALLEN 
Publishing Company 

P. O. Box 926 

Grants Pass, Oregon 97526 


Lets reve Mihi Ban, Peete 5 Ay A A Richard Coleman 
Photography by ..... Ernest Merlo and Brian O’Neill 
Dra wiles DY sic cscecn encom corset ren see ees- seers Dan Phillips 


FIRST EDITION 
DAS TET 


Copyright ©) 1977 by K. E. Edwards 


All rights reserved, including the right of 
reproduction in whole or in part in any form. 


Published by Hope and Allen Publishing 
P. O. Box 926, Grants Pass, Oregon 97526 


Printed in the United States of America 
Library of Congress Catalog Number: 77-85456 
ISBN 0-934264-02-3 


INTRODUCTION 


It is the author’s intention to excite you as he 
has been, by this fasinating hobby. I cannot think 
of anything I have engaged my time with, that has 
been any more fulfilling than the experimenting 
and building of Crystal Sets. These can be works 
of art, and useful tools. With them you can de- 
corate your home and entertain yourself and 
friends. Besides, they work for free and cost little 
or nothing to build. 


This is a unique opportunity to learn a science 
and skill few know. To work in an art form that 
encompasses beauty that tantilizes the senses. 
Beauty to see, touch, and to hear! 


This book has been carefully constructed not 
only to guarantee that you end up with a radio 
that works, but also you will possess the know- 
ledge of why and how. 


If you have built commercial kits or have a 
rememberance of the early days of radio, please 
let us try to show you what we have learned with 


years of research and countless hours of experi- 
mentation. 


You will undoubtedly run into the experts when 
you tell your friends about your new hobby; but 
believe me, few will have the real edge on you 
when you finish this book. 


I have tried to make this as simple as I can for 
the beginner and yet give you the most important 
points so you will have the necessary tools. You 
may read all the technical texts on radio you 
want, and they won’t hurt you, that is for sure. 
But you will find little in them, that you as a 
beginner or an expert, can truly relate to the 
building of a good crystal set. The reason is this: 
all text books on radio cover tuned circuits and 
diode detectors, but few pursue radio on that 
level. Most will immediately go into tubes and 
power. So, we are here to teach how to make 
them work and work efficiently with the power 
supplied by the antenna. 


You can tune in local braodcast stations or 
short waves from foreign countries. Play them 
loud enough for a room full of people or for 
yourself with headphones. 


The author can separate twenty stations in the 
San Francisco Bay Area and not just the one or 
two loud stations as can be done with commer- | 
cial kits. 
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CHAPTER 1 
HOW THEY WORK 


The term crystal set comes from the fact, that in 
the early days of radio, receivers were built like we 
will be doing using a piece of Galena ore. This 
rock was used as the detector, and its structure is 
in the crystaline state, so they called them Crystal 
Sets. 


Well, my friends, the task of describing how one 
works is not an easy one. We will attempt to give 
the beginner the benefit; the engineers can breeze 
through this chapter. 


These radios work for free, that is, you don’t 
have to plug them in, nor do you put batteries 
into them. So, where does the power come from? 
The power comes from the broadcast station who 
is transmitting. They are the ones that supply the 
power in the form of the radio signal. In (A) of 
Figure No. 1, you will see that the transmitting 
antenna of the station radiates the signal. These 
signals are electromagnetic waves. They travel at 
the speed of light. These waves we describe as 
having two components. One is the carrier 
frequency which fluctuates at what we call radio 
frequency (RF); that is an oscillation above 10,000 
cycles per second. The second is the audio which 
is impressed on the carrier. Audio frequency, the 
sounds that the ear can hear. The extreme limits 
would be from 20 cycles to 15,000 cycles per 
second. 
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Figure No. 1 


In (B) we have the pure (RF) carrier. This 
carrier has a constant voltage. That is, its height 
from zero volts, to a maximum value, plus or 
minus is the same. If this were a signal of 700KC, 
it would be making 700,000 complete reversals in 
one second of time. This is called the frequency 
of the carrier. 


In (C) we have the modulated or changed 
carrier. This is the combination of audio and RF. 
It is still at the same frequency. But now, the 
height is changing; and you can see that there is a 
change in voltage. It is changing in proportion to 
the audio applied at the transmitter. 


This is an AM radio signal. AM means amplitude 
modulation. And amplitude means height. 


Much like the ripple in a pool of water, the 
wave (signal) moves through space. Now when 
the radio signal comes into contact with your 


antenna, an electromagnetic force is developed in 
the antenna. We call this EMF voltage. 


Figure No. 2 
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This voltage is alternating current at RF. It is 
changing intensity in proportion to the audio. 
In (A) Figure No. 2, we tune to this signal with 
the coil and capacitor of your crystal set. Nothing 
has changed, except the path has been made easy 
for that particular signal to pass through with this 
tuning. Now in (B) the signal passes through the 
detector (most of us will use a diode); this allows 
only one-half of the wave to pass. This half wave 
still contains 4% of the carrier RF and its change in 
intensity, (modulated wave form). We filter this 
now through a capacitor (C) and what is left is 
the audio voltage the same as what was impressed 
on the carrier at the transmitting station. This 
then energizes our headphones to reproduce the 
same sounds (D). 
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CHAPTER 2 


PARTS 


There are but a few parts to any crystal set. 
Even the most elaborate ones have but a dupli- 
cation of parts. 


Our parts can be divided into two catagories; 
electrical components and hardware. 


We will have Electrical Components, such as 
capacitors, inductors, and detectors. That is it, 
that is all of them! Now we can buy all of them, 
make them or we can find them. I, of course, 
prefer the latter two. To find them is not difficult 
at all. In fact, all of the parts and materials needed 
are in an abundant supply in most homes. A 
television set that is on its way to the junk heap 
is a treasure chest of wire, diodes and hardware. 
An older tube radio will give us the capacitors, 
knobs and more hardware. So, once the search is 
begun, you will be surprised at how easy it is to 
locate the parts. 


Hardware, under this catagory, we find an 
assortment of wire, nuts and screws, tape, paper, 
cardboard tubes, wood, etc. So, you can see that 
the hardware is easy to come by as well. 


It is obvious that the detector and headphones 
are a must for all sets. In fact, that is all that is 
necessary to produce sound. But, this in itself will 


perform poorly because there is no tuning and a 
poor transfer of power from antenna to detector. 
Detectors will be covered in detail in Chapter 4. 
Here, we will learn about Point Contact Diodes. 


Figure No. 3 


Diodes are symbolized as — te . This symbol 
is the same for diodes, and any of the homemade 
detectors or natural detectors we will use. In 
Figure No. 3 we see several diodes encased in 
glass or epoxy. There is always a symbol or band 
on one end of the diode. Because the diode can 
be used in different applications by the way it is 
turned, some of them will have numbers on them 
or colored bands, but there will always be a 
predominant band on one end. The band repre- 
sents the anode end and is the same as the band 
end in the symbol. The point is cathode end, 
symbolized as the point or triangle. Some of the 
numbers that work well for our use are IN34, 
IN64, IN67, IN68 and IN665. But the final proof 
of how well it works, comes in the set. 
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You can find diodes in all transistor radios, in 
the tuner of TV’s, (that’s the box connected to 
the main tuning knob with the station numbers). 
Now not all diodes will serve our purposes. Some 
diodes are used as rectifiers for power suppliers 
and detect poorly. Diodes are plentiful and you 
will have no trouble locating them once you start 
to look. Even if you buy them, they should be less 
than 25 cents new, for the best. 


Figure No. 4 


Capacitors will be covered in detail in Chapter 7. 
You can find air variable capacitors in all radio 
receivers (see Figure No. 4), whether they are 
transistor or tube. We prefer the older tube type 
radios, broken, of course, for getting your capaci- 
tors. The reason is that newer type receivers are 
built with size as a major consideration and to cut 
down on the bulk, they use small capacitors that 
are spaced with plastic film. These are hard to 
mount and are not nearly as rugged as the older 
types. The symbol for capacitors is — ; this is 
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for fixed, meaning the capacitor is set and not 
changible. For tuning our sets, we will use air 
spaced capacitors and their symbol is = mean- 
ing one set of plates moves. The movable plates 
are called the rotor, the fixed side is called stator. 


Inductors (Coils) All of the coils we use, we 
will wrap ourselves. The reason is we can make as 
good or better a coil than we could find. That is, 
if we could find what we wanted. In Chapter 11 
we will learn all about inductors. 


The coil forms used can be changed in material 
or in size and for each change there is some effect 
on the coil. In Chapter 6 this will be discussed in 
detail. 


Figure No. 5 


Hardware can be found in many places. See 
Figure No. 5. The easiest way to build up a store 
house of parts and hardware is to take old TV’s 
and radios apart, however, anything that will give 
an assortment of nuts and screws and washers is 
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just fine. Empty trays, such as old ice trays or 
plastic trays can be used for the storage of parts 
and also helps us in digging out the ones we want. 


All of the parts may be substituted. That is, to 
say, not any part of the set is so sacred that you 
have to use exactly what we call for. However, 
there are limits and you will soon know what can 
be or what cannot be changed without too much 
loss. 


The wire, likewise, can be changed up or down 
a size and you will notice little change. Wire is 
classified by its gauge, this means its size, and by 
its covering, such as enamel, vinyl, cotton or silk 
coated. A higher gauge is a smaller size of wire. 


Capacitors can be single or ganged, meaning that 
there are two capacitors with the same frame and 
shaft to move them (see Figure No. 4). You can 
use a ganged capacitor as a single or two singles 
for a ganged at any time. The difference is that 
you will have two knobs or just one to turn. 
Capacitors come in different physical sizes and in 
different values of capacitance. We will need 
capacitors of a value approximately 365mmf. 
The abbreviation mmf stands for micro-micro- 
farads; that is the term for their values. The value 
is determined by the size of the plates and the 
spacing between them. We want capacitors with 
about 14 to 16 plates in the stator or rotor, and 
not wide spacing. Most capacitors that come from 
radio receivers will be just right. They usually are 
ganged and the larger section is 365mmf and the 
smaller is 180mmf so you get a choice. 
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CHAPTER 3 
ANTENNA AND GROUND 


The antenna is as important as any part of your 
crystal set. Without a good antenna and ground 
system, the best of crystal sets will perform poorly 
or not at all. It is not difficult to make a good 
antenna. There are some rules that will help you 
deliver the power received at the antenna to your 
set. The antenna should be as high as possible, a 
minimum of 10 feet above the building. It might 
be necessary to put up supports depending on your 
individual available space. Antennas should be 
insulated from all objects, such as trees, buildings, 
roof gutters, etc. by strain insulators or stand off 
insulators. The antenna should be as long as 
possible. Those of us in the city will envy our 
country cousins on this score. Try for 65 feet or 
more, the more the better, we can always series 
tune a long antenna with a capacitor. So if you 
can put up 100 feet or more, do it; then you will 
have power. 


The lead-ins is part of the antenna and where it 
passes into the house, it must be insulated. This 
can be done with a ceramic tube or heavy plastic 
shielding under the window sill. See Figure 
No. 6 for lead-in insulation techniques. The 
antenna should be the largest wire you can 
come up with; 18 gauge would be the smallest you 
should use. We would prefer 12 or 14 gauge. 
RF travels on the surface of the wire so the larger 
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Figure No. 6 
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the wire, the greater the surface area and, therefore 
the less resistance there is to the signal. It does 
not matter if the wire has a vinyl jacket, enamel 
coating or if it is bare. However, bare copper wire 
becomes oxidized on the surface after awhile and 
this oxidation presents a high resistance to our 
signal. We prefer a coated wire. Our No. 1 choice 
would be multiple strands of 14 gauge enamel 
covered copper wire wound into a big cable. But 
this would cost a small fortune. Consequently, we 
have never seen one like that at our place. We use 
140 foot piece of 12 gauge vinyl covered wire. It 
has worked super for years and we have noticed no 
change in its properties. Antennas are different for 
every installation. You only have so many options 
at each location; so, we will give you several types 
of antennas to choose from. One will be right for 
your place. We are caught in the middle with 
‘antennas for crystal sets. If we put up a large 
antenna our sets tune broader but with more 
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volume. If it is short, our set will be sharper but 
with much less volume. There is a length in 
between that is right for your location and wants. 


Warning! Never cross power lines. Never let 
your antenna be put in a place where, if it should 
fall or break, it would come in contact with high 
voltage power lines. We don’t want to lose you! 
If you have the inclination for experimenting, you 
can put several antennas, vertical, long, short, ““T”’ 
type, helical wrapped, loops, etc. You could spend 
the rest of your life just experimenting with 
antennas. 


LONG WIRE, Figure No. 7 (A). The simplest 
antenna is the Marconi. It is a single wire. This 
is a good antenna. Put it up as high and as long 
as possible. Sixty feet is a good starting length 
including lead-in (that is from set to end). This 
should not be hard to do in most locations. 
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“tT”? Figure No. 7 (B). This antenna is 65 feet 
long on the top, more or less, supported at both 
ends and the lead-in is taken from the center with 
just one wire. 


Figure No. 8 


VERTICAL, Figure No. 8 (A). Vertical should 
be as long as possible. Usually between 30 and 50 
feet is about the most you can hope for. Sup- 
porting this, is a problem for most of us, but a few 
of you might consider it. In the city, it will work 
better than it would in the country. But in the 
country, away from high power stations, it just 
might be the answer for DX (DX is long distance 
tuning), so if you have the space and time, you 
might try it. 


HELICAL, Figure No. 8 (B). This is an- 
other limited space antenna. This is as good 
a try as any, and gives surprising results in the 
city. Helical wrapped antennas for limited space 
may be another way to lick your antenna prob- 
lem. Take a piece of bambo, PVC, 2 by 2, or 
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other non-conductive material and wrap with 425 
feet of wire and coat with varnish to protect 
against the weather. This should be mounted as 
high as possible. Use No. 20 gauge solid wire or 
larger if available. If you use 20 gauge and a 2 inch 
diameter piece of PVC plastic pipe, you can wrap 
850 turns, spaced % inch apart. This will give you 
425 feet and your antenna will be resonant in the 
middle of the broadcast band. You will need a 20 
foot length of PVC for this. You can wrap them 
closer together if you wish. All that is important 
is to get 425 feet of wire wrapped (with no over- 
lapping) on a length of support no less than 8 feet 
and put this up as high as possible. 


Figure No. 9 


LOOP: Loop antennas have been used for years 
and they can work wonders on knocking out loud 
bothersome stations. The loop is sensitive in the 
direction of the arrows shown in the drawing, 
Figure No. 9. In the city, the loop may be put to 
good advantage. Where outside antennas are not 
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possible, the loop may do the job. (See Chapter 1 
photo.) Make a frame out of wood 2 feet square 
and wrap 15 turns of wire spaced 1/8 inch apart. 
Make this frame so you can turn it easy. You can 
also make your frame 4 by 4 foot and wrap 8 turns 
of wire % inch apart. On both sizes, you then 
tune the loop with a capacitor of 365mmf, 
see Figure No. 9. 


Figure No. 10 


MULTI WIRE: For those of you in the country, 
away from high power transmitters, the multi wire 
antenna should be considered if you have the space 
and can locate enough wire. The wire is put ona 
spreader of wood and well insulated at the ends. 
The wires should be placed 30 inches apart, try 5 
wires and make your connection at the end as in 
Figure No. 10. This should boost your signal 
considerably. 
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It is our advice to try the long wire (Marconi) 
or the “‘T’’ antenna. They seem to give con- 
sistantly good results in the city as well as the 
country. 


Figure No. 11 


If you cannot put up an outside antenna, you 
can try putting as much wire as possible in the 
attic. Figure No. 11. Try a loop of wire around 
the ceiling of your room; in the city this will work 
Okay. Window frames and screens have given 
poor to fair results. Even the old bed spring 
trick, brings in a station now and then. We 
experimented with small loops and giant coils 
inside the house with fair results. The strongest 
stations get through but weak ones have trouble. 
So shoot for the best possible antenna for your 
location. It is worth the effort. 


If you make your antenna out of one or two 
pieces of wire, solder all connections and coat with 
enamel paint or other sealer. 
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Ground means just that. It means this con- 
nection is at the same electrical property as mother 
earth. To establish a good ground is not as easy as 
it sounds. To make connection to the ground, 
the water pipe is not a bad place to start and has 
always been the standby for crystal sets. The 
problem is, that all soil conditions, are not as 
conductive as they should be for our use. If you 
are in the country, you need as good a ground as 
you can get. Many connections are better than 
one. If you are on the first floor, you can put 
several (3 or more) 6 foot pipes into the ground 
outside your window. Pound them down all but 
6 inches and spread them out about 2 feet apart. 
Then connect them all together and to the water 
pipe. Never use the gas pipe. Use the biggest wire 
you can find. Several pieces of copper wire 12 
gauge (used to wire electricity in houses) twisted 
together would be okay. And bring this up to the 
window sill lead-in. All connections then should 
be filed clean, and made with clamps or nuts and 
bolts. The connections then should be sealed with 
enamel paint or the like. This keeps the con- 
nection from corroding. 


Much care must be taken, to make good RF 
connections. 


This is much harder to do than just ordinary 
D. C. connections. 


If you live on the second floor, follow the same 
process and try to make the lines up to your 
window as straight as possible. In the city, the 
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second floor can be a problem. The stations tend 
to mix and the ground acts more like an antenna 
than a ground. By placing a capacitor in series 
with the ground, we raise the set above the ground 
potential. You may have better results without a 
ground. Try your set both ways. Put a switch in 
the line so you can have a ground or not at will. 
Also try soaking the ground from time to time in 
the summer. In dry country or in the semi-arid 
parts, a counter poise antenna can be used for a 
ground. Over rocky soil it is a must. You can 
run an insulated wire about a foot above the 
ground under the length of the antenna. This 
completes the circuit. The antenna acts as a 
plate of a capacitor, the earth or ground is its 
compliment. 


Inside apartments, when an inside antenna is 
used, the counter poise can be used under the 
carpet or around the perimeter of the room. 


Figure No. 12 
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So remember, the longer the antenna the more 
voltage developed, but the broader the tuning. 
So, we are caught in another sacrifice. The more 
antenna the louder our signals, but tuning is not 
sharp. So, if you want DX you must find the 
right antenna for your location. We go for the 
power and series tune with a capacitor. 


Lightning Arresters. In most cases, the lightning 
arrester is not necessary. But in some localities 
where lightning is common, it should be con- 
sidered. A lightning arrester gives a path for the 
charge to follow. This should be installed where 
the antenna enters the house. A separate and large 
ground lead should be run. You can buy a 
commercially made arrester or you can use an old 
spark plug. See Figure No. 12. Gap the plug to 
15 thousands of an inch and put a cap on the end 
sealing the moisture out by soldering. Attach the 
ground to the cap, and the antenna to the tip as it 


‘Figure No. 138 
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enters the house. Clamp this to a board and 
mount it on the window sill. See hook up in 
Figure No. 13. 


There is very little to worry about; few accidents 
with antennas and lightning have occurred. We 
mention this here only to satisfy our conscious. 
There is very little danger. It takes work and 
thought for a good antenna system, but always 
worth the effort. 
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CHAPTER 4 
DETECTION 


Detection or rectification of the signal is chang- 
ing of the RF signal into direct currents which 
rises and falls in intensity (as you read in Chapter 
No. 1). 


This is accomplished by placing a device that 
allows voltage to pass in only one direction, that 
is to say only one side of the wave to pass through. 
Today we use a diode of some form of crystal 
substance which usually is germanium or silicone. 
They are point contact diodes. 


In the early days of radio, they used galena in 
its natural form and made contact with this rock 
with a fine silver or bronze wire. This was called 
the cat’s whisker. 


In Figure No. 2, you can see graphic repre- 
sentation of what occurs. 


We, as crystal set experimenters and builders 
have the unique opportunity to try several types 
of detectors and some will give you pleasant 
surprises. 


In Chapter No. 2, you learned about commer- 
cially made diodes and where to find them. Now 
we will show you how to make and locate natural 
detectors. 
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With imperfect contact detection, let your 
imagination run free. Don’t be disappointed on 
the ones that are not as loud as your diodes, it 
may be just right for shortwaves or be very 
selective. Make notes of them on the loud 
stations, then tune in a weak station and check 
again noting how each performs. This check is 
for sensitivity. The next step would be to tune 
a congested part of the band and see if any are 
more selective then the rest and so forth and so on. 


Figure No. 14 


Now for some ideas on what to try. Attach a 
piece of pencil lead to a spring clip or safety pin as 
shown in Figure No. 14. Pass foil from gum wrap- 
per or cigarette pack under the point. Try the keys 
in your pocket or your pocket knife. How about 
a foil match book cover, razor blade, or even a 
rusty nail. You should be surprised! So you see, 
two dissimilar materials make a detector, some 
good, some not at all. See Figure No. 15 for a 
lever type pencil detector. 
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If you have a rock collection, try pyrites with 
a cat’s whisker made of fine phosphorus bronze 
wire, or better yet, german silver. Many minerals 


Figure No. 15 


in their natural state will detect with good results. 
Make a crystal stand as shown in Chapter No. 14, 
Figure No. 50. Try different pressures on the cat’s 
whisker. The pressure is an important part. Cut 
cat’s whisker with scissors for a square end. 
Readjusting the cat’s whisker for a sensitive spot 
and the right pressure can make the difference 
between a good signal or none at all. 


You might try such minerals as zincite, anglesite, 
arsenic, bornite, cadmium sulfide, carborundum, 
cerussite, chalcopyrites, galena, iron pyrites, and 
etc. You should not touch your minerals with 
your fingers, as oil deposits can dampen its 
action. Clean them with alcohol. 
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Figure No. 16 


You can also take carbon rods (from the 
inside of dry batteries) and split them with a 
coping saw. Then sand the edges sharp as in 
Figure No. 16. Then a sewing needle is placed 
across them. On strong stations, this should work 
okay; if you don’t hear anything try nudging the 


Figure No. 17 
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needle with your finger. Now if you apply some 
outside voltage to this, it will perk right up. Oh, 
you say no power, well how about taking a strip of 
aluminum and a strip of copper and putting them 
in a lemon. Figure No. 17. You now have a 
battery, hope you have a lemon tree! You can 
sandwich strips of copper and aluminum between 
blotter paper and connect all the copper on one 
side. And the aluminum on the other. Place this 
in a saucer and saturate with lemon juice. Figure 
No. 18. 


Figure No. 18 
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When you have built your test board (Chapter 
14) you will have the tool necessary to do some 
fun experimenting. 


Now using your best diode, you can tune ina 
loud station, then remove the diode and you can 
take notes on your imperfect contact detectors. 
Try reversing the detector; sometimes this makes 
a difference. 
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CHAPTER 5 
PHONES 


The tuning and detection of the signal is 
accomplished by a carefully constructed set. All of 
the consideration will be fruitless unless you have 
a good means of converting this into audio. This 
is done by the headphones or speaker. We must 
first understand how this is done to know the 
reasons in our choice of phones. The resulting 
pulses of voltage left by the detector are passed 
through the phones. You can see in Figure No. 19 
that inside the phones is a magnetic pole (M) 
which puts stress on the thin diaphram (D). 
Around this pole are many turns of fine wire (W). 


Figure No. 19 


NS 


SS 
Y 


30 


When energy from the detector is applied to 
this winding the magnetic stress of the pole 
changes, so the diaphram vibrates. Thus we hear 
the reproduction of sound. 


The phones we use for stereo today, will not do 
for our purposes because they present the wrong 
impedance to the set. Impedance is the opposition 
to alternating current flow. And if this impedance 
is not matched with the set, there will be a poor 
transfer of power. With crystal sets the loss of 
power in any part is to the discredit of the builder. 


Headphones for our use must have an impedance 
of 10,000 ohms or more. You should not be 
confused with impedance and resistance, for most 
phones are sold with the notation of their D.C. 
resistance, both values (impedance and resistance) 
are expressed in ohms but they mean different 
things. So our phones should measure 2,000 ohms 
or more D.C. resistance and 10,000 ohms or more 
A.C. impedance. 


So, if you have a Volt-Ohm meter you can 
measure the D.C. resistance from tip to tip. 


Not all phones of the same resistance will. 
perform the same, unfortunate but true. And not 
many of the good manufacturers are still in 
business. The flea markets and surplus stores still 
have them turning up from time to time. This is 
not to say that phones are not made today, but it 
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is not as easy to find them as it once was. Some 
of the names to look for used, are Trim, Acme, 
Brandes, Ace, Frost, Rex, Mudock, Little Spitfire, 
Cannon, Ball, Crosley, Federal, Western Electric, 
Red Seal, and Dixie just to name a few. 


When you find used phones that you are 
thinking about buying; remove the caps by twisting 
counter clockwise and inspect the diaphrams. See 
that they are not bent or badly dented. You 
should feel a magnetic pull when you remove the 
diaphram. Check also to see that the fine wire is 
not broken, you can take a pen light battery with 
you and connect it to the phones and tap one tip 
to the battery. It should make a loud click. This 
is not an indication of their impedance but to 
show that the windings and cords are not broken. 
For a photographic look inside the phones, see 
Figure No. 20. 


Figure No. 20 
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You should be able to pick up phones for under 
three dollars, in fact, for used ones, you should not 
pay more because you may have to replace the 
cords or repair them. But at that price you can 
buy some fine phones. Don’t overlook the 
obvious, try the telephone book first and call 
your local electronics store. If you do buy used 
ones, and I recommend it, and the tips are 
broken off, they can be replaced with solderless 
tips and that seems to be the best way. But if 
they are just frayed, you can resolder them; but 
first you must wrap the wire with some fine clean 
wire. Because the cord wire is not wire at all but 
a tinsel and it does not solder well. 


I cannot stress too greatly the benefit of having 
good phones, not necessarily expensive ones. The 
weak stations you will hear with good phones and 
the strong ones will boom, but with poor phones, 
you won’t hear the weak ones and the loud ones 
will be diminished. We cannot make phones our- 
selves but we can substitute a speaker in some 
cases. That is in the city when we tune in strong 
local stations, there is usually enough power to use 
a speaker with good results. The speaker cannot be 
connected directly to the output of the set, but 
through an impedance matching transformer. 


The speaker can then be placed behind a horn, 
which will act as an acoustical amplifier; it works 
very well. 
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Chapter No. 19, tells more about matching 
transformers, horns and speakers. 


Your phones can be used as a tool. When you 
can’t seem to locate where your signal is being 
lost, place a diode in series with your phones. 
Then start at the antenna and ground connections, 
by placing your phones and diode in this line you 
can evaluate if your antenna and ground are 
working up to par. Then to the next stage, 
(primary coil or antenna tuner) and work your 
way through your circuit until you find the 
connection that is loose or whatever the problem 
might be. 
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CHAPTER 6 
COILS 


The coils we use in our crystal sets, we will wrap 
ourselves. ‘The reason is this: we can’t find coils 
that meet our needs, or that will work as well as 
the ones we can make ourselves. What we are after 
is a coil that has a very low loss factor. When the 
coil has low loss, it is highly efficient. We call this 
efficiency the ‘“‘Q”’ of the coil. The higher the 
Q@ of the coil, the better our crystal sets will 
work. 


There are a few rules of thumb to remember 
about coils. (1) For the broadcast band (BC), the 
coil should have an inductance of approximately 
200 micro-henries (uh). (2) It should be wrapped 
on a low loss form. (3) And the gauge of wire 
should not be too large or small. Wire no larger 
than 18 gauge and no smaller than 24 gauge 
should be used. The larger wire requires more 
turns and tunes louder and broader. The smaller 
tunes much sharper but with less volume. Number 
20 gauge enamel covered wire seems to be just 
about right for our set designs and for most 
conditions found today. 


The formula for figuring inductance of a sole- 
noidal coil is given here for all those who wish to 
do further experimenting. 
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1 (NX A) 
9A +10B 
where L is the inductance in microhenries, 

N_ is the number of turns, 

A is the mean radius in inches, 

B is the length of the coil winding in inches 


So, for a BC Coil on a 2 inch form wrapped with 
No. 20 gauge wire with 100 turns, if we look at the 
wire chart in Chapter 9, we see that there are 
29 turns per inch with No. 20 gauge wire. We can 
substitute: 


_ (100 X 1)” 


L= 9334.36 


L equals 230 


Figure No. 21 


Low Loss Material for coil forms is a must; an 
air wrapped coil would be the best, but it is 
difficult to construct a coil that is rugged enough 
wrapped on thin struts. We prefer dry, sealed 
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cardboard for a form. It is readily available in the 
form of shipping tubes and a variety of other 
sources. Plastic, phenolic, bakelite, acetate, PVC 
and wood are good insulating materials and make 
good forms when used in thin tubes. See Figure 
No. 21. 


The size of the form is just as important. If we 
make our coils too small in diameter, it takes more 
turns to raise the inductance and the efficiency 
goes down and the resistance goes up. 


If the form is too large, it gets difficult to work 
with. The sizes proven over years from experi- 
menting seem to fall within these parameters: 
1% to 2% inches in diameter and thin, only what 
is necessary to support the winding. 


Figure No. 22 


Coils in this book will be wrapped with enam- 
eled covered magnet wire. The reason for this is 
that double cotton coated wire is not as available. 
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So, in the coil specification, you can note that 
EN is for enamel. 


We will wrap solenoid coils, this means our 
coils have turns placed side by side. 


In Figure No. 22, you can see four types of 
coils offered in this book. In (A) a single 
winding. At (B) a double winding that has some 
separation. At (C) a tapped coil. And at (D) a 
multi-layered coil with the windings wrapped one 
on top of the other. However, there are many 
other types of coils and designs of coil forms and 
turn placements. One important thing to re- 
member is that all coils should be wrapped in the 
same sense, or direction. This is called aiding. If 
wrapped in opposite directions, they will be 
opposing each other’s fields or bucking. This 
results in loss. 


You can increase the selectivity of the set, by 
making a few less turns on the primary (the pri- 
mary receives the energy first and through in- 
duction passes it to the secondary), or by pulling 
it away from the secondary. Or if you want 
more volume wrap on a few more turns or move 
the secondary over the primary. 


The end of the coil attached to the ground is 
referred to as cold end and the side attached to 
the antenna or source is referred to as hot. 


All multi-layered coils should have their wind- 
ings separated and insulated with a tough paper. 
The author uses common brown shopping bag 
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Figure No. 23 


material. This makes for certain you won’t have 
any shorts. See Figure No. 23. 


Coils with taps are not any more difficult than 
those without. They do require more patience, 
however, and take more time to wrap. When 
making tapped coils, you can cut a strip of paper 
1 inch wide, and a bit longer than the coil form. 
This you now fold under or over the turns of wire 
as you wrap, under for those turns you wish to 
tap, and over the rest of the coil. When the coil 
is finished, you scrape the enamel off of each turn 
that is showing above the paper. This takes care 
and patience. A sharp pointed knife works well. 
Also a good light and some magnification help 
greatly. The author uses an eye loop (magnifying 
glass for the eye). You can also take a small piece 
of coat hanger about 6 inches and file the end 
round and smooth. This will be a tool for making 
loops (Figure No. 24). Use this at every turn to be 
tapped, by wrapping the wire over this tool and 
giving the tool one full tur around. You will 
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make a loop in the wire. You can then finish this 
off by squeezing it flat with your diagonals then 
it can be scraped and readied for the connections 
to the switch points. 


Figure No. 24 


Now, to sum this up for those who work by 
the try and change method (the author for one). 


Coil forms should be thin and some where 
between 1% and 2% inches in diameter. The 
wire should be between 24 and 20 gauge. There 
will be 75 to 120 turns of wire on the coil. 


If your circuit tunes on the high end of the 
BC band, this means your coil needs more induct- 
ance. Add more turns, about ten at a time, 
until you can get to the bottom of the band with 
your tuning capacitor fully meshed. 


If it tunes too low on the band but not to the 
high end, the reverse is necessary; take some turns 
off. 
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When working from given parameters, and you 
use a smaller coil form than what is called for, 
add more turns to hit the frequency. If you usea 
bigger form take some off. If you use larger wire, 
add some turns. If you use smaller wire, subtract 
some. 


Coils can be tuned with a variety of switches, 
sliders, and other coils, and capacitors. Don’t 
forget to cement your coils down. We have used 
“Duco Household Cement’’ for years and it works 
well for us. 
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CHAPTER 7 
CAPACITORS 


Capacitors (called condensers in the old days) 
store energy in the electrical field. They can be 
fixed or variable. The fixed symbol is | == 
And the variable symbol is shown as = or 

A capacitor that is variable means that 
its value can be changed. The term for the unit 
value of capacitance is farad. That’s a lot of 
capacitance. A farad is so large for our use that 
we can divide it by one million and get one micro- 
farad (mf). This is still too large, so we divide this 
again by one million and the result is one micro 
micro farad (mmf) of capacitance. They also call 
mmf, picofarads (pf). This is a British term which 
is much easier to say than micro-micro-farads. In 
the Chapter photograph, you can see several types 
of capacitors. We will use or can use all of these 
types in different circuits. 


A capacitor blocks direct current but passes 
alternating current. The higher the frequency, the 
more it passes. This is one way we can keep AC 
and DC separated in radio. Capacitors that are 
used for most tuneable circuits are Air Variable. 
Some have more than one section, as in Figure 
No. 25. These sections are individual capacitors 
attached to a common shaft. Each of them, able 
to tune a separate circuit, with one movement of 
the shaft. If we employ used air variable capaci- 
tors, sometimes they are very dirty and should be 
cleaned. They should also be checked for shorts. 


Ag 


Figure No. 25 


To clean them, put a tablespoon of fabric softener 
into a pot of boiling water (enough water to cover 
the capacitor) then place the capacitor into the pot 
for about 10 to 15 minutes. When you remove 
them, they will be like new. Remove while hot, 
shaking the excess water off and set aside to dry. 
Then lubricate the bearings and brass brushes with 
petroleum jelly or light oil. To check for shorts, 
take your test light (Chapter 14) or Ohm Meter 
and check for continuity between frame and 
stator, moving the capacitor shaft. There should 
be no connection, thus there will be no light. If 
you do show a short, inspect the plates. Some 
might be touching each other (stator to rotor 
plates) or there may be something between them, 
such as a splash of solder, etc. Move or bend them 
gently till you no longer have a connection. A 
shorted capacitor will not help us at all! 


Capacitors with two sections usually are of 
different values. The larger section is about 
365 mmf and the smaller is about 180 mmf. These 
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are called superhet becuase they came from or are 
replacements for superhetrodyne receivers. The 
large section was used to tune RF circuit and the 
smaller was used for the local oscillator. For our 
use, the larger of the two sections will do fine. 
And for crystal sets, calling for ganged capacitors, 
it will be okay if the smaller section is connected as 
the ground coupling capacitor. 


You can also connect a 150 mmf fixed capacitor 
in parallel with the smaller section. This will make 
them both about the same value fully closed. With 
the capacitor open, the smaller section then would 
still be 150 mmf. Use this arrangement only in the 
sround connection. 


If you connect a variable capacitor in series with 
an antenna, you can tune the antenna making it 
sharper and peak it on the signal you want. 
If you put capacitors across the antenna coil 


Figure No. 26 
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or primary you can tune that stage for more 
volume. 


If you put the capacitor in the ground lead, you 
raise the crystal set above ground potential, some- 
times aiding in separating signals in the city. 


There are capacitors called padders and trimmers 
in Figure No. 26. These are small in size and are 
usually adjusted with a screw driver. You might 
find it an interesting idea to make a crystal set with 
a switch in the tuning circuit (see Figure No. 27) 
and several padders, each one adjusted to a 
separate station. Then all you have to do is turn 
the switch to change stations. 


Figure No. 27 


Fixed capacitors come in a variety of shapes and 
materials. In Figure No. 28, you can see a few. 
They are made with thin sheets of foil separated 
by a variety of materials such as paper, oil, glass, 
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Figure No. 28 


ceramic, mica, mylar, etc. They can be encapsu- 
lated in wax, ceramic, plastic, etc. So the size, 
shape, colors and materials add to the complexity 
of fixed capacitors. The one thing we will look 
for is a capacitor with a value of .00015 mf 
to .0001 mf and these are used for filtering in our 
crystal sets and they can be any type. We prefer 
mica, but any will do. 
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CHAPTER 8 
SWITCHES 


In some circuits, switches are a must and in 
others, they make the circuit flexible and easy to 
operate. 


To change antennas or to connect or disconnect 
the ground, may improve the tuning characteristics 
of the set; and to do this swiftly and without 
much effort the switch is the answer. 


There are some things to know about switches 
that will help us in choosing the right ones for the 
job. 


Switches make or break contacts; that is, it is 
connected in one position and not in the other. 
However, the type of switch and its type of 
construction make it good or bad for different 
applications. The problem is, that to make and 
break DC current is an easy function of most 
switches; but to make and break RF is a horse of 
another color. RF can leak by some switches, so 
you really don’t break the connection entirely and 
this will cause losses in crystal sets, that is 
disastrous. 


So, for RF switching, we need a switch that is 
made with good insulating materials. Also if the 
parts of a switch are too close together, we end 
up with a capacitor effect which also passes RF. 
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Figure No. 29 


Rotary switches, Figure No. 29, are made of 
fiber or ceramic. Ceramic being the best of the 
two, but fiber is okay. Some have multiple wafers 
and for our purposes can be taken apart to use the 
most suitable one. With the long screws on the 
sides removed, the wafer will slide off the main 
shaft. When inspecting the wafers, you will note 
that one of the fingers of the switch reaches to the 
ring or half moon strip at the center; this is the ter- 
minal that switches and all the others are the 
switch points. Some may have two or more 
switches on one wafer. With used switches of this 
type, be careful when unsoldering the leads not to 
overheat and break the fiber wafers. The switch 
can be cleaned with silver polish or a pencil eraser 
and rinsed and dried thoroughly. 


Knife switches (Figure No. 29) are great on test 
boards for antenna change overs and to give the 
older look to a bread board type crystal set. Check 
to make sure the switch prongs are tight on the 
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main beam. Clean off oxidation, it makes for high 
resistance, which we do not want. 


Figure No. 30 


Toggle switches (Figure No. 30) are okay for 
batteries and very low frequency RF, but should 
be avoided if possible. They tend to leak RF of 
higher frequencies. 


Slide switches (Figure No. 80) are much better 
than toggle switches, for our use and occupy less 
space. They take more care and effort to install 
than the single hole toggle, but will perform much 
better. 


Homemade panel switches (Figure No. 31) are 
just fine for crystal sets, especially when the 
material is of a high insulating quality. The 
points for your switches can be screw heads or 
brads or rivets. (See Figure No. 32.) Brass or 
copper preferably, but whatever you have, will 
work certainly in your first projects. As the 
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Figure No. 31 


Figure No. 32 


screw is passed through the panel, a soldering lug 
is placed on the back, then the nut. (See Figure 
No. 33.) After soldering, always re-tighten the 
switch points, they tend to loosen with the heat. 
The wiper is made from brass or copper sheet or 
strip. A wood or plastic knob is then attached to 
the wiper. Make your hole layout with a compass 
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Figure No. 33 


and cut the wiper to fit, leaving enough to bend 
down. The wiper screw must be long enough to 
pass through and still leave room to put two nuts 
and soldering lug on. Tighten the nuts together 
around the lug and solder on a soft flexible wire 
for it must move easily. 


Figure No. 34 
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Another method for switching used on coils, is 
the slider, see Figure No. 34. This bar or foot 
slides on a path that has been sanded on the coil. 
These were used in the early days of radio, because 
they were easy to construct. They have an advan- 
tage in that if used properly they can tune the coil 
to the exact amount of inductance for the fre- 
quency desired. This must be done one turn at a 
time. In Figure No. 35 you can see the slider must 
contact only one turn of wire, this is difficult to 


Figure No. 35 


do. Their disadvantage is that you cannot return 
to the same wire easily and surely for repetitive 
tuning. It has been our experience that they are 
inferior to homemade switches. But they are an 
option for consideration. 


Care and planning will bring great results with 
your crystal set. Remember it will work well if 
you take care and it will be a work of art if you 
plan and take your time. 
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The switch layout is an important part of crystal 
set building. Don’t forget to keep in mind that 
you have connections on the face. Wires for the 
the antenna, ground, phones and outside detector 
should be far away from the switches. You want 
to get to these without knocking the cat’s whiskers 
out of adjustment on fighting for room to get your 
fingers on the switch. 
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CHAPTER 9 
WIRE 


The wire we use in crystal sets can be as varied 
as the types of circuits. 


Wire is the path that the electrons flow through 
and if our wire is very small, it offers too much 
resistance. This is opposition to the flow and is 
not good. 


Radio frequency energy travels on the outside 
of the wire and if it is small, there is less area, and 
higher resistance. This is called skin effect. The 
wire sizes that work best as inductors in a crystal 
set are between 18 and 24 gauge. 


Wires come with all kinds of coverings, if the 
wires were bare, they could touch each other and 
they would short out and this would be dangerous 
in sets that use high voltage. So, wires are covered 
with enamel, plastic, vinyl, cloth, rubber, cotton, 
silk, teflon, just to name a few. 


We can use any of these types of insulated wires 
for any part of our set. We could use it if the 
size (gauge) of the wire is no smaller than 24 gauge. 


Wire can be solid (just one wire) or it can be 
stranded (many wires twisted together). 


The wire we will use for coils will be solid, 
but for hook up wire we can use either solid or 
stranded. With solid wire that has a heavy jacket. 
be careful not to nick the wire when removing 
the insulation. When nicked, the wire tends to 
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break. With stranded wire, when removing jackets 
be careful not to cut the smaller strands that make 
up the wire. 


Enamel wire is clean and slick looking, but 
presents its own special problem. The covering 
on this wire must be scraped off with care. This 
takes time and patience to be sure that it is all 
removed; if it is not, your soldering will not be 
solid and complete. 


Wire is cheap, about $1.50 per % pound. But 
in every junk TV there abounds a large amount of 
stranded and solid hook up wire. These are seldom 
over 3 feet long, but just fine for our hook ups. 
Don’t pass it by if you have the chance. 


In the yoke of a TV, that is the folded coil of 
wire slid over the back of the picture tube, is a 
quantity of solid enameled wire. This can be used 
for coils and quick antenna experiments and 
should be saved. 


This wire is shellacked together but will unwind 
easily. This can be done ahead of time. So 
when you are ready to use it, it will be too! You 
can clean and straighten by unwrapping it and 
tying the end to an unmoveable object, i.e., door 
knob, then with a thick rag, squeeze the wire and 
walk away from the tied end, pulling the wire 
through the rag. This cleans the excessive shellack 
and straightens out the kinks. When new wire is 
kinked, this technique can be used. Be careful to 
put just enough pressure to straighten, but not so 
much as to stretch the wire. 
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The wire table tells you how many turns per 
inch of wire can be close wrapped. Also the 
diameter of each gauge. Only a partial list is 
given but for crystal sets it will be more than 
enough information. This chart is for enamel wire. 


Gauge Diameter Turns per Inch 
16 .0508 19.0 
17 .0453 21.3 
18 .0403 23.9 
19 .0359 26.7 
20 .0320 Oro 
21 .0285 33.4 
22 .0253 37.5 
23 .0226 41.8 
24 .0201 46.8 
25 0179 52.5 
26 .0159 58.8 
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CHAPTER 10 
SCHEMATICS 


Schematics are graphic representations of the 
physical parts you use in radio. They are not as 
mysterious as they seem at first glance. In Figure 
No. 36, you can see the schematic of the crystal 
set pictured in the Chapter photo and you can 
make comparisons. 


Figure No. 36 


The most common error is to assume that the 
parts are placed in the same location in respect 
to the schematic; that is not necessarily true. 


Switches and jacks sometimes are confusing to 
the beginner because of the many types available 
and their graphic representations takes some study. 
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Coils can also offer some problems in determin- 
ing the relationships between primary and secon- 
dary windings, but we will be very explicit for you 
so these should be no trouble in this book. 


Patience and thought are required even for 
the experts when deciphering some of the more 
complicated circuitry. So don’t be disappointed 
if you ponder over the schematics for awhile. This 
is an exciting and technical art, it takes time and 
effort. Your rewards are worth the trials and 
tribulations. 


With all the circuits in this book, you will find 
easy reference to the parts and their assembly. 


With many of the parts in this book, you can 
look at the part and then to the symbol and then 
to the photograph seeing the connection points 
and the individual characteristics, that are subtly 
designated by the symbol. 


Y ANTENNAS - this represents all pos- 
sible types of antennas. Inside or out. 


4{i|ik BATTERY - the small plate is the 
negative pole and the larger plate is the 
positive pole. 


= CAPACITOR - fixed - you will notice 
that both plates are straight. 


63 


+ 


CAPACITOR - variable - this first sym- 
bol is the most modern, it says it’s 
variable by the curved bottom plate. 
The second says it’s variable by the 
arrow. And the third says it’s variable 
by the arrow and also says which is the 
frame by showing you a thicker plate. 


COIL or INDUCTANCE is represented 
by a series of loops. The number of 
loops is only a graphic, and not to be 
considered the number of turns. 


CONNECTIONS are represented as a 
dot. 


When wires cross and there is no con- 
nection, they will be without a dot. 


DETECTORS - DIODES - RECTIFIERS 
are all represented with this symbol, you 
can note that the triangle represents the 
cat’s whisker and the bar signifies the 
materials used. 


GROUND -- represents a connection with 
the earth. 


This ground means common to the 
chassis of an electrical device. 
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JACKS, PIN JACKS, BINDING POSTS, 
and FAHNSTOCKS can all be repre- 
sented with this symbol. The one to the 
left would be the male connector and 
the one to the right would be called the 
female connector. These are usually 
attached to the panel. 


LIGHTS - this will represent an incandes- 
cent bulb. Like an ordinary flash light 
bulb. 


PHONES - high impedance 2000 ohms 
DC resistance or higher. 


SWITCHES - this is a rotary or home- 
made switch. 


SINGLE THROW SWITCH - in open 
position. 


RESISTOR - this offers opposition to 
voltage. 


VARIABLE RESISTOR - is a resistor 
that can be changed in value. As 
used for volume controls. 


To overcome your problems with schematics, it 
is a good idea to get your parts together and 
carefully go over each part and symbol. Handle 
them and turn them around to see all the possible 
connection points. 


There may be more or less wires required to 
complete a circuit. Sometimes we can draw it 
with the parts close, yet in reality there is much 
distance and more wires to get the circuit com- 
plete. Patience and persistence are the key. 
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CHAPTER 11 
LAYOUT 


Layout is another term for planning. This is, 
the parts location. After you choose a schematic 
or have tested a circuit, you then can lay out 
your ideas for an attractive and functional set. 
This is best accomplished on paper. The technique 
is easily mastered. First, all of the parts for the 
circuit should be gathered and readied for the 
assembly. Clean them and remove all solder from 
the old connections. We must then give considera- 
tion to the style and visual effect we want the set 
to make. Then, if all are to be mounted on a 
base, draw on paper the base size you would like 
to use or the size of the base you have. Then it 
is trial and error to find the best way to position 
the parts. By placing the parts on the paper, we 
can then imagine how they will be in the final 
assembly. Don’t be satisified by just accomplishing 
the placement of the parts within the space you 
have. Try several ways and don’t forget to think of 
the hardware that must be used and the ease of 
construction. It is not a bad idea to get out more 
parts than we need. Some times those extra parts 
and hardware can bring up an idea that is more 
efficient and attractive too! You must also 
consider ease of operation, taking into account if 
you are right- or left-handed. Don’t forget that 
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all of these parts will be connected with wiring 
and the shortest leads possible should be the goal. 


Panels and switches should be done in like 
manner. The tools necessary can then be invi- 
sioned. The author often thinks of great ideas for 
a crystal set but lacks the special tools necessary 
to complete the job. (Most work being done on 
the kitchen table). So don’t engineer yourself into 
a hole you can’t get out of. 


When the final decisions are made, draw out- 
lines of parts in position and be as.careful as you 
can, to do an accurate job. This is then used to 
transfer the position to the base or panel. Measure- 
ment is an important part of this process and a 
good scale is required. A scale is another name for 
ruler. A square and compass come in handy as 
well. Measuring precise hole locations can be 
difficult. But if you put screws into the holes and 
measure from the inside of one to the outside of 
the other, (assuming they are both the same size) 
the scale can be read easily. 


Your compass can be used in like manner. You 
can set the compass from parts or to the scale for 
exact measurements. 


Your marks can be transferred to the work or 
to a paper taped on the work. This then gives 
you space to mark and note what size and type of 
hole you intend to put there. 
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You then can punch with an ice pick all centers. 
This helps keep the drill on the mark. 


Figure No. 37 


In Figure No. 37, it is easy to see the how and 
the why of the layout. Take your time and the 
end result will be an attractive and efficient crystal 
set. The author has spent as much time planning 
and sketching an idea, as it took to do the building. 
But then that’s what this is all about -- it is a hobby 
and a recreation in all phases of the project. 
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CHAPTER 12 
HOW TO SOLDER 


If you have not had any experience with solder- 
ing before, the simple rules of this chapter should 
be of help. The art of making a good electrical 
connection by soldering should fulfill this criteria: 


1. It should be a good electrical connection. 


2. It should also be a solid mechanical con- 
nection. 


One of the most important things to do, to 
insure good soldering is to keep the iron well 
tinned. Heat the iron to operating temperature 
and clean with wire brush and sponge. Then 
apply solder to tip, so the iron has an even silver 
coat. During long soldering sessions, it may be 
necessary to re-tin the iron. It is important that 
you only use rosin core solder. This has a center 
that is filled with flux. This cleans the work as it 
melts. The rosin will not corrode your work, like 
other flux will, so it must be rosin core for our 
type of work. 


The surface of the wires or contacts to be 
soldered must be clean and free from dirt, grease 
and insulation! 


The wires of the joint should be bent around 
each other or around the tie point making a good 
mechanical connection. Then apply the soldering 
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iron until all parts of the joint are hot enough to 
melt the solder; then follow with the solder. Not 
too much! The solder should flow and then settle. 
Don’t wiggle it until set. All of this should take 
three or four seconds, depending on the size of 
the iron and the mass of the joint. 


So, the steps go like this: 
Set up the wires or parts of the joint. 
Apply iron. 


1. 

Ze 

3. Apply solder. 
4. Remove solder. 
ap 


Remove iron. 


This must seem redundant to explain the se- 
quence, but in observing beginners when soldering, 
a common mistake is to remove the iron before 
applying solder. In most cases the joint will cool 
when the solder is applied and the result will be a 
cold soldered (a high resistance) joint. A correctly 


Figure No. 38 
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soldered joint will take but a few seconds. It will 
be bright and shiny. See Figure No. 38. 


A poorly soldered joint will take time and be 
dull or frosty. 


Your soldering iron is an important tool, so 
consider its use before you buy one. Twenty-five 
to fifty watts will be just fine for our work. The 
electric type soldering gun is generally too hot for 
our work and clumsy. A pencil type, similar to the 
wood burning iron is what to look for. See Figure 
No. 39. 


Figure No. 39 


The author should say here, the crystal sets in 
this book can be made without a soldering iron. 
But not all the connections can be done satisfac- 
torily without one, such as the taps on coils and 
so forth. 
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Figure No. 40 


Now if you are a dyed-in-the-wool do-it-your- 
selfer, like me, you can make a soldering iron. 


Cut a piece of round wood about the size of a 
broom handle, 6 inches long. Now drill one end 
as shown at (A) in Figure No. 40 with a 3/16 drill. 
Your next step will be to make the tip (B). It 
should be copper about % inch by ™% inch and 
1% inches long, drill 1/8 inch hole in the side 
and file four flats and two grooves as shown in 
the Figure. A wire coat hanger will supply the 
the means of attaching tip to the handle. Open 
the coat hanger up, straighten, fold in half and 
pass this through the tip. Hammer the wires flat 
into the grooves to make a tight fit, then twist 
with large pliers while holding tip secure, cut off 
and hold wire spiral in vice and hammer on handle. 


Now all you need is heat; the pilot light on the 
stove, alcohol lamp (don’t attempt a candle, it 
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soots up the tip). A coat hanger cradle will keep 
the tip at the right height over the heat and 
makes it handy. Also saves the kitchen table. 


You can see an older commercial soldering 
iron and alcohol lamp in Figure No. 41. 


Figure No. 41 
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CHAPTER 13 
TOOLS 


The tools necessary for our work are few. The 
list can vary depending on your approach to 
building crystal sets. It all depends if you are 
lucky enough to have a workshop or whether 
you will do your building on the kitchen table 
like the author. 


For those of you who have the facilities and 
know your tools, you can breeze through this 
chapter. But for the beginning craftsman, this 
chapter will introduce you to the tools most 
necessary and beneficial in the construction of 
crystal sets. 


There will be two lists of tools in this chapter. 
The first list is a should have list and these tools 
are used almost every time you make a crystal set. 


All of the hints in this chapter are pointed 
toward home construction. Since the table is 
our workshop, we have found some interesting 
ways to accomplish our task and still keep the 
table in one piece and free from scratches and 
freshly drilled holes. 


There are two ends of the approach to building 
these sets, and a variety of points in between. 
From one extreme they can be purely functional 
with no regard to beauty or aesthetics. And on 
the other end they can be fully functional and 
works of art, aesthetically beautiful and polished. 
And of course, anywhere in between these points, 
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depending on the purpose, tools, material and 
expertise of the builder. 


The purpose is always to work as well as it can, 
but we should consider where the set is to work, 
in the house, camping or wherever. By using low 
loss principles, we can always have a set that works 
well. 


Your tools can be added to in time, from flea 
markets, garage sales and buying new, whichever 
you decide to choose. 


Materials used can be harvested from junk shops, 
scrap yards and the hardware stores. You should 
go for a browse from time to time, keeping your 
mind clear, to free associate. A knob or a drawer 
pull, an old wooden lid can be used to add that 
touch of flair or the authentic to any set. 


The experience comes only in the doing, after 
all, that’s what this is about. So, it is our advice 
to read, plan and then scrounge, and then let your 
creativity flow! You'll end up with crystal sets 
that do their stuff and are beautiful as well. 


All of the crystal sets in this book have been 
built on the kitchen table, not in a workshop. 
The materials are all put into a box that accommo- 
dates them well and goes to and from the porch 
depending whether or not a project is in order for 
the evening. A tool caddy can be seen in Figure 
No. 42. You can make one simply by drilling 
large holes in a piece of % inch plywood and 
mounting this on a stand. They are sold new in 
plastic. Whether it is store-bought or homemade, 
it makes our work easier. 
fhe, 


Figure No. 42 


This sits on the table and the tools can be 


grabbed and returned with ease, keeping the table 
in order (most of the time). 


The tools used almost every time by the author 


are. 


Soldering Iron 

Diagonals Cutter 

Wire Stripper 

Hand Drill 

Rattail File 

Flat File 

Screw Drivers 

Pocket Knife 

Ice Pick 

Scale (ruler) 

Coping Saw or Jeweler’s Saw 
Needle Nose Pliers 

Cover for Table 

Wooden Board 12 by 20 (to drill into) 
Heavy Cloth 24 by 24 
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See the Chapter Photo. These tools are neces- 
sary to do a good job. You can put together a set 
by just twisting wires, but it won’t work well or 
for long. The soldering iron is covered in Chapter 
No. 12. 


Diagonal cutters or side cutters are used to cut 
wire from the reels or to cut wires off close after 
soldering. 


Wire strippers, are used to remove jackets from 
wire. 


The pocket knife is used to scrape enamel off 
wire, etc. 


Hand Drill: we like the hand drill over electric 
drills, as it is slower, and we are less apt to make 
mistakes. It is quiet, and it uses no power. And, 
of course, it is dependable. 


The ice pick is used to punch holes in coil 
forms, to start screws and to scratch lines. 


The rattail file is used to enlarge holes and to 
drift holes to and frow. 


A flat file is used to clean edges, smooth off the 
coil forms, to finish edges in general. 


Screw drivers need no explanation. But, good 
ones pay in the long run. Good size handles and 
square shanks are best. Flat and phillips, small 
and medium sizes are required. 


Coping or jeweler’s saws are life savers in 
cutting the tubing for coil forms, wood and 
plastic. Also in cutting screws that are too long. 
Always install the blade with the teeth pointing 
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towards the handle and pull the saw through the 
work. 


Needle nose pliers are used to wrap wire and to 
hold nuts still when tightening, etc. 


The wooden board is used to drill into (this is a 
great table saver). This board can be any kind of 
wood and will last through many projects. 


Cloth covers are used to cover the table (one 
large enough to cover the whole table); use 
another heavy one to work on to catch solder, 
filings, etc. 


Scale or ruler is a must for layout work. One 
6 inches or 12 inches long and divisions down to 
64ths of an inch will be fine for our work. 


Figure No. 43 


This second list of tools would be for use on 
some sets and also to help us make some jobs 
easier. Of course, we could compile a wish list that 
would go for pages. See Figure No. 48. 
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Tin Snips 
Countersinks 
Eye Loop 
Small Hammer 
Hack Saw 
Tweezers 
Square 
Compass 
Scissors 

“C”’ Clamps 
Carpenter’s Hand Saw for Wood 
Paintbrushes 
Toothbrush 


Tin snips are used to cut spring brass for sliders 
and homemade switches. 


Countersink is a tool to recess the surface of 
your work to set screws flat. 


Eye loop or magnifying glass is used to read the 
64th division on your scale. If your eyes are like 
mine you'll need a big one. 


Small hammer, needs no explanation, any type 
of hammer will do. 


Hack saw is used on plastics and, of course, on 
metal. 


Tweezers are used to fish small parts out of 
trays and to pull wires through tight places. 


A square is very useful in laying out. 
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The compass is used to make arks for switch 
points. 


Scissors are used for paper. 

‘“C”? Clamps are used to hold work still. 
Carpenter’s hand saw is used for bases. 
Paintbrushes are used to put on sealer. 


Toothbrush is used for cleaning, etc. 
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CHAPTER 14 
TEST BOARD 


The circuits and crystal sets in this book have 
been tested for most of the conditions you could 
encounter and also for parts substitutions. How- 
ever, in time some of us will want to experiment 
on the circuits and do a bit of modifying. Also, 
each diode, antenna, coil form, wire size, and 
phone impedance make differences that can be of 
benefit or detriment to us. The most efficient 
way to build the set is to do some testing first. 
This board makes that easy. 


So, before you design and build your own 
crystal set, all polished and fancy, you may want 
to make for certain the circuit is right, for all of 
the variables at your location. It does save time 
and energy to test then build it. It does take some 
extra time but the savings can be measured in the 
long run and in performance. 


The test board is a convenient way to make sure 
the circuit you pick for a certain location will 
work and work well. So, for those of you who 
would like, this is what we’ve come up with after 
some time of experimenting. 


In the Chapter Photo, you can see a wooden 
board about 11 by 15 inches. On this board are 
mounted capacitors and Fahnstock clips. This 
board could be masonite or plastic set up on 
wooden rails. Mount the Fahnstocks in pairs, this 
helps in having enough room to place and remove 
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wires with ease. The capacitors, Fahnstocks and 
the crystal diode are permanent parts of the test 
board. The idea of this is that you can now wrap 
and test different coils and circuit layouts. Let 
your imagination run free and have fun playing 
with this tool. Take notes so you can remember 
and learn what works well at your location. 


Figure No. 44 


Another item that is a help for us is a con- 
tinuity checker. This can save much time in 
looking for a broken connection. This can be a 
Volt-Ohm Meter which is sold in electronic supply 
stores for under $25.00. But, for just continuity, 
a simple battery light combination (see Figure 
No. 44) will work fine. And the hook up is shown 
in Figure No. 45. 


87 


Figure No. 45 


Test Leads 


The crystal stand is an important tool or part 
of any experiment. With this stand, you can 
check minerals or use with many crystal sets. 


Probably as much effort has been put into the 
“best”? crystal stand, as any other part of the 
crystal set paraphernalia; however, they all do 
about the same thing. What is necessary is 
something to hold the minerals still and secure, 
then a holder for your cat’s whisker. You can buy 
Philmore or you can make one, see Figure No. 46. 


Homemade stands can be seen in Figure No. 48. 
This stand is made from a piece of sheet metal or 
tubing. If you use sheet metal, cut out a square 
and then notch out the sides as shown at (A). 
You can then fold this up on the dotted lines. 
This will then hold the mineral still. If you use 
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Figure No. 46 


tubing for the base, you should cut it as shown at 
(C) and then three holes should be drilled and 
tapped for the holding screws. Then fold out 
the flaps to mount it to a base. 


Figure No. 47 
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Figure No. 48 


A cat’s whisker holder can be made from a 
safety pin or a piece of stiff wire shown in (E) and 


(F). 


The crystal stand shown in Figure No. 47 was 
made for the author by an expert machinist. The 
gift was received with much pleasure and many 
thanks as it is beautiful and works very well. 


Detection like all of the other phases of crystal 
set building and experimentation could occupy a 
lifetime. To have any real success, it is imperative 
you keep notes, these will guide you to continuing 
success through your years of experimenting. 
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CHAPTER 15 
FIRST CRYSTAL SET PROJECT 


Well, this is it. After fourteen chapters you 
should be ready for your first work project. 


The three crystal sets you will learn how to 
build, will be shown built on panels. You can 
make any other arrangements you like for each 
set. You can build them on just a base or mount 
them in boxes or whatever. 


As you can see in this Chapter’s photograph, 
this set has but one tuning knob. This is a sim- 
ple set to operate, but it is very efficient and 
very selective. A good set for the city. 


Figure No. 49 


In Figure No. 49, you will see the schematic 
of this set. There are three windings on the 
coil. The Primary, Secondary, and Detector 
windings, labeled P, S and D respectively. There 
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is but one capacitor, one detector, and the phones 
that is all there is to it, and it does work! Once 
you have the coil wrapped and the capacitor 
mounted, it’s about done. 


This is a combination of circuit techniques, 
the basic design is called a Telfunken, with one 
winding on top of another. The tuning is done 
through absorption. And the selectivity is ac- 
complished by pulling the Primary away from 
the Secondary. 


Figure No. 50 


In Figure No. 50, you can see the parts laid 
out. You can note that the panel and base have 
been sealed with lacquer or clear enamel or any 
of the newer plastic coatings. I have chosen 
Fahnstock clips to mount on the outside of the 
panel for the connections to the antenna, ground, 
detector and phones. These are inexpensive and 


93 


they are good connectors; also, they can be found 
in all electronic parts stores and even most 
hardware stores. 


PARTS LIST 


Coil form: paper, 2 inches in diameter, 5 in. long 
60 - feet of 20 gauge enamel coated copper wire 

6 - Fahnstock clips 

6 - soldering lugs 

2 - long screws and nuts 

2 - spacers to fit over long screws (an extra set of 

nuts can be used for spacers). 

1 - 865 picofarad capacitor 

1 - panel 5 inches by 8 inches 

1 - base to support panel 

1 - knob for capacitor shaft 


Coil: to the coil form you must punch, cut or 
drill two holes for the mounting screws to pass 
through. Put these %4 inch in from each end. 


Winding a coil for the first time is an experi- 
ence you won’t forget. You will think that you 
should have two more hands, but with some 
thought and practice it all works out. Refer to 
Figure No. 51, for a look at the finished coil. 
Try stretching out 20 feet or so of wire at a 
time, this must be secured. If you have someone 
to help, you’re in luck. However, a door knob 
works well when you must do it alone. Start 
% inch in from the right side, punch or drill two 
small holes one above the other. Feed the free 
end of the wire through these, pulling about 
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10 inches through. This can be coiled up and 
pushed into the coil to get it out of the way. Wrap 
the wire from the right side of the coil to the left. 
Now holding the coil form in both hands and the 
wire pulled firm (not too tight) start turning the 
coil (counter clockwise, as viewed from the right 
side) so the wire falls on the top of the coil form. 
Wrap on 80 turns; you will walk towards the fixed 
end of the wire keeping your eye on the point 
where the wire meets the coil form. You can stop 
from time to time and with your finger nail push 
the wire tight to make a neat close-wrapped coil. 
When you reach the end of the coil, you can hold 
it together with a strip of tape. Don’t be stingy. 
You don’t want it to come undone. It’s a good 
idea to have the tape ready. Then punch two 
more holes to pass that end of the wire through, 
pulling it tight. Now you can remove the tape. 
Don’t cut your wires too short. You have just 
wound the Secondary, which will later be attached 
to the capacitor. 
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Over this winding in the center you should wrap 
a strip of tough paper 1-1/8 inches wide, and 8 
inches long. Tape it tightly. You can cement it 
and the edges of the Secondary winding with 
Duco-Household Cement. 


When dry, wrap on top of this paper 30 turns 
of wire in the same direction, it is important not 
to reverse windings. So hold the coil in both 
hands, starting on the right side again, wrapping 
towards the left with the wire on top of the coil. 


You can secure the first turn of wire by folding 
a flap of tape over the wire at a right angle. This 
gives you a method of holding the wire with the 
next few turns. 


Continue wrapping for 30 turns and secure the 
free end with tape. Then cement the edges of 
this winding. That finishes the Detector winding. 


Now for the Primary. Cut 8 or more strips 
from a file card % inch wide and 3 inches long 
fold these in half so they are % by 1% and lay 
these around the coil and tape the left sides down. 
Over this wrap a piece of tough paper. Tape this 
only to itself. Now wrap 30 turns, as you did 
with the detector winding, in the same direction. 
Cement the winding only to the paper beneath. 
When this is dry, remove the tape from the file 
card strips and pull them out one at a time. 
This Primary winding, now can be moved and it 
should slide easily on the form. When this 
crystal set is finished, you can set the selectivity 
by moving this winding. A close setting makes 
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it tune broad and loud, further away not as loud 
but much sharper. One quarter of an inch in the 
city is about right for most antennas, etc. In the 
country, you can put it much closer. When you 
find the right setting you can tape it down. 


Your coil is done! That wasn’t too bad. Now 
let’s do the panel. I did not include a blueprint 
or plan, because the photographs should show you 
the basics. Also your parts and mine may be much 
different. Put the holes for the Fahnstocks in first, 
two in the upper right for your detector, diode or 
whatever. Two in the upper left for your antenna 
and ground. Two in the lower right for head- 
phones. 


Measure the distance between mounting holes 
in the coil form and put two holes in the panel 
2 inches down from top edge, spaced the same as 
in the coil. These are for the long screws and 
spacers, which will hold the coil. 


Figure No. 52 
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Check your capacitor. It probably has three 
holes in its face that are more than likely 6-32 
screw holes. Mark the panel with a punch for the 
shaft, then measure from this mark for at least 
two of those mounting holes. This takes some 
practice. But a rattail file helps drift the holes 
to fit the capacitor to the panel. 


Next drill two holes to mount the panel to the 
base and a hole for the capacitor shaft. Mount the 
capacitor, coil and Fahnstocks. Don’t forget to 
put a soldering lug under each nut that holds the 
Fahnstocks. 


Figure No. 53 


Figure No. 52 shows assembled parts. Now 
you are ready to solder it together. Take your 
time and make good connections. You can see 
the wired set in Figure No. 538. Cut out and glue 
on your dial (they’re at the end of the book). 


Don’t forget to log your settings down. (The log 
is at the end of the book.) Good DX! 
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CHAPTER 16 
SECOND CRYSTAL SET PROJECT 


This second circuit is also a very sharp tuning 
and loud set. It should work very well in most 
locations, especially in the country. It has two 
capacitors and one set of switch points for 
controls. 


Wiring this set is a little more difficult than the 
first one, but it is worth the effort. The switch 
points do take time. 


In Figure No. 54, you can see the circuit. You 
should study this for awhile to become familiar 
with the wiring. 


The capacitor C1 is the main tuning capacitor 
and C2 is used to raise the set above ground 
potential. The homemade switch on the coil and 
C1 are used together to make an effective tuning 
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network. Any type of detector can be used with 
this set. 


The parts can be seen in Figure No. 55. 
PARTS LIST 


Coil form: 2 inches by 5 inches 
2 - long screws and nuts 
2 - spacers for long screws 
60 - feet of 20 gauge enamel wire 
6 - Fahnstock clips 
6 - soldering lugs 
6 - 6-32 screws and nuts 
2 - capacitors 365 picofarad 
1 - panel 
1 - base 
1 - long screw for switch 
1 - piece brass or copper for switch 
1 - piece wooden dowel for switch 
2 - knobs 


Figure No. 55 
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Figure No. 56 


Figure No. 56, you can see the finished coil. 
The coil form should be punched for the mount- 
ing holes %4 inch in from each end. These holes 
should be in a straight line across the coil form 
from each other. Put 2 small holes % inch in from 
the edge. One above the other on the right side 
of the coil form to start the winding. If you use 
20 gauge enamel wire you can punch another set 
of holes 2-5/8 inches to the left for the finish of 
the coil. 


You will need your tool for loops, or a strip of 
paper for the switch points. 


I recommend the loop method. However, if you 
decide on the paper, it should be 5/8 inch wide and 
5 inches long. This will be folded under each wire 
that will be tapped. You should have read Chapter 
6 thoroughly. 
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When using the loop method, it is a good idea 
to have your needle nose pliers handy (in back 
pocket) to compress the loops sideways. This 
helps to keep a tight close-wrapped coil. Now set 
up your wire and tools. Feed the wire through the 
two small holes on the right side of the coil form 
and tuck the excess into the coil form. Pull the 
wire up to tension. Begin to wrap, keeping the 
wire on top of coil form. Make a loop with your 
loop (described in Chapter 6 and Chapter 13) at 
the 5th turn. Pull the wire over the tool and twist 
the tool one full turn keeping tension on the wire. 
Slip the tool out and crimp the loop flat and 
straighten with your needle nose pliers. Continue 
to the 10th turn and repeat and continue to the 
16th, 24th, 32nd, 40th, 52nd and 65th. The 
80th turn and last tap are electrically the same 
point so no need for a loop. Next cut yourself 
free from the door knob or the reel of wire, don’t 
forget to tape off the coil, you don’t want to wrap 
it again. Now if you haven’t already, punch two 
more holes to tie off the coil. 


The next step to finish the coil is to scrape the 
enamel off of the loops so you can solder to them. 
This takes care and some time but it is very easy 
to solder when done. A sharp pointed knife or 
exato knife works well. 


The panel should now be drilled for the coil 
support screws. With a compass you can draw 
lightly a 1% inch radius in which the 9 switch 
points will be positioned. This radius should be 
centered between the coil support screws. Now 
mark off 9 points evenly spaced and drill for 
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switch points. Drill the hole in center of the 
radius for the wiper. Put the holes in for the 
Fahnstocks, two in upper right for the detector, 
two upper left for antenna and ground (or these 
can be put on the base later), the last two for the 
phones in the center of the panel just above the 
base line. 


Now the capacitors are next, they should be 
mounted to the panel. The holes for these are 
best laid out using the shaft as a central measuring 
point. Drill and fit the capacitors. 


Now we are ready for the wiper on the home- 
made switch. Using a strip of spring brass, clamp 
it to your drilling board and put in a hole just 
big enough for your long screw to pass through. 
Trim the strip for shape and size. A slight bend up 
the center gives strength to this thin wiper. Check 
Chapter 8 again. Don’t trim your strip too short! 


Figure No. 57 
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Clean up and set all hardware and parts aside. 
don’t throw any out with the dust and scrap. 


You can now refer to Figure No. 57 for a view 
of assembled parts. Take your time when assem- 
bling and make sure your screws are tight. The 
coil should be mounted with No. 1 turn closest 
to the antenna and ground Fahnstocks. When 
assembled, you can begin to wire your set. Start 
with the end of the coil with the number 1 turn, 
that end of the coil goes to the antenna and to 
the stator of Cl. 


The 80th tur end connects to the 9th switch 
point then to the detector. Now you should have 
8 loops and 8 switch points left to do. The rest 
of the switch points then go to their respective 
loops. 


Figure No. 58 
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The rest of the wiring is straight forward. See 
Figure No. 58 for back view of the finished set. 
The frames of the capacitors are connected to 
each other and to the wiper and to one of the 
phone connections. If Capacitor C2 is a double 
gang like the one used in our project, you can 
connect both stators together giving more coupling 
to the ground. Do not connect the stators of Cl 
together as this would make the set tune much too 
fast. When the switch is to the points on the left, 
the set tunes the high end of the band and on the 
right the lower end of the band. You may get 
some short waves on the 5th through 10th tap 
out in the country. Don’t forget the Dials. And 
log down your settings to get them next time. 


You should be pleasantly surprised! This is a 
great circuit. 


Good DX! 
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CHAPTER 17 
THIRD CRYSTAL SET PROJECT 


The project in this chapter is a short wave 
crystal set. Short wave means just that, they are 
shorter than the broadcast band wave-length. 
Short waves are at a higher frequency. The 
higher the frequency, the shorter they get. The 
short wave band is usually considered to be 
between 3 and 30 megacycles, that’s 3,000,000 
to 30,000,000 cycles per second. 


The signal we receive with our broadcast crystal 
sets come from relatively close distances, and the 
waves tend to stay close to the ground. But short 
waves are bounced off of the Ionesphere and 
cover long distances, even completely around the 
world. So we can and do receive signals from 
foreign countries on the short wave frequencies. 


Figure No. 59 
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This crystal set will tune in the 40 meter wave 
length band, that’s 7 megacycles. See Figure 
No. 59 for circuit. It will tune much above and 
below this, but the 40 meter band is where it will 
tune the best. You may hear ‘“‘CB”’ with the 
tuning capacitor all the way open and ship traffic 
with it closed. You will need lots of patience 
with this set, just like fishing, but when you land 
one it’s always a prize. The secrets are to have 
the best phones you can, to be listening at the 
right time, to have a good antenna and to tune 
slowly. 


Now for the set. The finished set can be seen 
in the Chapter photograph. The parts are seen 
in Figure No. 60. 


Figure No. 60 
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PARTS LIST 


Coil form: 2 inches outer diameter 3 inches long 
1 - capacitor 100 picofarad 
6 - Fahnstocks 
6 - soldering lugs 
7 - screws and nuts 
2 - long screws for mounting coil 
2 - spacers to fit over mounting screws 
2 - wood screws for base 
1 - knob 
1 - panel 
1 - base 
12 - feet of 20 gauge wire (enamel) 


You should be getting the idea by now of the 
how’s and why’s of this. The coil is always first. 
See the finished coil Figure No. 61. The mounting 
holes go in % inch from each end. Then put two 
small holes 1 inch in from the right side to start 
the winding, and put two more 5/8 inch away 
from these two holes. 


Figure No. 61 
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This coil has a double winding, a primary and 
a secondary winding. We will wrap the secondary 
first. For this use 20 gauge enamel wire. Start 
from the right, keeping the wire on top of the 
coil and wrap towards the left. This secondary 
winding consists of 12 turns. 


Tape the winding in place. And then pull 
3% feet of wire off the reel and cut yourself 
free, leaving the 3% feet attached to the coil. 
Now you pass the free end through one small 
hole at a time on the left side of the coil form. 
Next, use your loop tool and make one loop. 
This is the bottom of the coil or the ground end. 
Now to make the primary come out right, we 
must wrap it back up the coil form. To do this, 
you must reverse the direction. You can do this 
by switching the ends. First wrap a piece of paper 
over the secondary for insulation. Now put the 
end with the loop in your right hand and wrap 
on 5 turns toward the left keeping the wire on 
top of the coil form. This can be taped in 
place and then left or it can be glued on the 
edge and when dry the tape can be removed. 


The panel is next. Drill the holes for mounting 
the coil. Then drill the panel for the Fahnstocks. 
Put two holes in the lower right for phones, two 
in the upper right for the detector, and two in the 
upper left for the antenna connections, one for 
primary and one for the secondary. Next put 
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one in the lower left for the ground. The ground 
should only be used in the country. In the city, 
it will cause problems. You should include the 
ground connector for this set because it is alot of 
fun to take this set camping to try some real 
DXing, and out in the country the ground can 
be of help. Drill and fit the panel for the 
capacitor. The last two holes will be for the base. 
Cut out and glue on your dial. 


Figure No. 62 


The assembled parts can be seen in Figure 
No. 62. 


Wire this set with large single strand wire. The 
20 gauge enamel will do just fine. The larger wire 
really helps with short waves. Figure No. 63 
shows wired set. 
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Figure No. 63 


When you are finished, put in the detector, 
phones and then hook up antenna to the primary 
clip. In the country you should try the secondary 
and ground. 


If you have B.C. interference, put in the 
rejector coil and tune it out. 


Tune slowly -- if you don’t hear them, don’t 
be disappointed, it might not be the right time. 
This type of wave propgagtion depends on the 
time of the day. It probably will be best at 
sunrise and sunset. But strange things do happen. 
Try switching the antenna from time to time to 
see which works best for you, the primary or 
secondary. 


There are many published lists of short wave 
stations and their time of broadcast. Most of 
these stations send out QSL cards. QSL stands 
for confirmation of contact. If you write them a 
letter telling them you heard their program about 
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“such and such”’ giving the time and date, they 
will send you one. It’s pretty exciting to see how 
many QSL’s you can put on your wall, especially 
with a crystal set. 


These signals will raise and lower in volume, so 
listen carefully and go back over the band several 
times. This rise and fall of signal strength is called 
QSB. 


Don’t forget to keep notes on the pecularities 
of antennas and different set-ups. Also keep your 
log accurate and it will help for tuning later on. 


Have fun and good DX. 
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CHAPTER 18 
TRAPS -- LOADING COILS 


There are some locations that are so conjested 
with stations, (especially strong locals) that the 
stations we are after, are covered up by another 
which is closer or much stronger. This QRM 
(man-made interference) can be eliminated or 
knocked down by a trap. A trap is a tuned 
circuit which presents a high impedance to the 
signal it is resonant to and, therefore, that signal 
is suppressed. 


These traps have been called rejector circuits. 
And placed in the antenna lead, they work 
wonders. You can put two or three in series 
(one after another) and then tune out the three 
loudest signals and get to the weak ones that way. 


The trap is an easy device to build and is worth 
the effort if you are in an area where strong locals 
abound. The trap is usually tuned with any air 
variable of 365pf. It can be positioned, so as to 
make it convenient to tune and retune on different 
stations; or tuned with compression trimmers and 
left set on the offending station. 


In Figure No. 64, you can see the circuit for 
the rejector trap. The coil consists of a form 
1% inches in diameter. Any of the materials 
listed in Chapter 6 will be alright for this form. 
On this form for the Secondary (S), wrap 85 turns 
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Figure No. 64 


of No. 32 gauge wire. Over this put a piece of 
paper and then wrap a Primary (P) of 15 turns of 
No. 24 gauge hook up wire. 


In Figure No. 65, you can see the completed 
rejector trap. This circuit should give you the 
kind of results you want. 


Figure No. 65 
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Figure No. 66 


LOADING COIL: in Figure No. 66, you can 
see the circuit of the loading coil and wave trap. 


One of the things that help us get those DX 
stations is a loading coil. This helps us tune the 
antenna to resonant frequency. This is like 
physically changing the length of the antenna but 
we will do this electrically with this circuit. In 
the Chapter Photo, you can see the front of the 
loading coil and wave trap. This is a very flexi- 
ble circuit as you can see. With the switches, 
you can change its arrangement and performance. 
With S3 in the up position, the circuit is com- 
pletely bypassed. With S38 down, it puts the 
loading coil and wave trap in service. 


Now when you move S1 all the way to the left, 
it takes the coil out of the circuit and all we have 
left is the capacitor to series tune the antenna. 
With the coil back in and S2 in the up position, 
the coil and capacitor are in parallel with each 
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other and with S2 in the down position, the 
capacitor and coil are in series. So with this, you 
can have just capacitor or just coil or both 
capacitor and coil either in parallel or in series. 


With some playing around, you will see it much 
clearer than words can explain. This coil consists 
of 100 turns of No. 20 gauge enamel wire tapped 
every 10 turns. This should be wrapped on a 2 
inch form. The capacitor is 365 picofarads, and 
the switches $1 and S3 are homemade. Switch 
S2 is a knife switch. You can see the wired 
loading coil and wave trap in Figure No. 67. 


Figure No. 67 


You can put the rejector circuit after the 
loading coil and then you will have an antenna 
tuner that will solve most possible situations you 
will come up against. 
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With the loading coil and wave trap mounted on 
a larger panel you can add two rejector circuits in 
series. Then put three or more antenna connectors 
with knife switches so you can pick different 
antennas or put all of them in at once. Also add 
a large capacitor to series tune the ground on the 
same panel. Now you have a tuner. Try putting a 
NE-51 neon light from the antenna connection 
to the ground, you will see static discharges of 
the atmosphere light the bulb from time to time. 
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CHAPTER 19 
SPEAKERS AND HORNS 


The amount of audio, available from most 
crystal sets in the city is sufficient to power a 
speaker with satisfactory results. The speaker 
however, cannot be connected directly to the 
crystal set, the audio must first be matched with 
an impedance matching transformer. That is, 
the AC resistance of the speaker is much too 
low for a good transfer of power. There is no 
trouble in finding a transformer to do the job, 
all transistor radios, TV’s and tube radios will 
have an impedance matching transformer. You 
can find the impedance matching transformer 
easily because it is attached to the speaker. See 
Figure No. 68. Now, not all of them will work 
efficiently, the reason is this, we want 2000 ohms 
to 8 ohms match but some of them that we find 


Figure No. 68 
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will be 500 ohms or 1000 ohms to 8 ohms. 
They will work but the closer we get to 2000 ohms 
or higher, the better our results will be. 10,000 
ohms would not be too high. So, what do we do, 
when impedance cannot be measured easily with 
what most of us have as test equipment? We 
try and listen, soon the best one will prove itself. 


Figure No. 69 


In Figure No. 69, you can see the schematic 
hook up of an impedance matching transformer 
and speaker. 


When you have your transformers to work with, 
you can try different speakers as well. They will 
have values of 3 to 8 ohms for the most part and 
their size and construction make for differences 
too. Don’t forget to keep notes on what you do. 
It helps to mark your parts with tape and a 
numbering system. 
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When the best transformer and speaker are 
together, the next step is to think about a horn. 
The horn is an acoustical amplifier. It can add 
as much as three or more times the volume to 
your set. Horns can be found or made. Horns 
were used in a variety of hand cranked phono- 
graphs. They were made of wood and steel, 
usually put in the lower compartment. They still 
turn up in junk stores for pennies in relationship 
to the effort in making one. 


Figure No. 70 


The bigger the horn the more sound. In Figure 
No. 70, you can see the basic idea. A headphone 
can be used with good results in a horn of 
moderate size, or a small speaker and matching 
transformer. 


Those of you who are away from the big city 
and will not be able to use a horn because you 
lack the power, don’t be too upset for what you 
lose in volume you gain in selectivity, so you win 


where we lose. 
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CHAPTER 20 
EXPERIMENTING 


Experimenting with crystal sets can fill a life- 
time with pleasure. However, it will from time 
to time give you some disappointment also. But 
that is why we do it, if it were too easy, we 
wouldn’t feel accomplished. The major thing I 
would like to leave you with in this last Chapter 
is the attitude of not being afraid! If it doesn’t 
work, you will see that in short order. And 
if it does, all the better. You must take notes 
and keep records of what you do, to keep things 
going forward for you. These should include the 
time and the date you tested your idea. 


ANTENNAS: leave a vast field wide open to 
you as an experimentor. You can work with and 
on antennas for many years and still not know, 
nor really understand all that there is to know 
about that ‘‘simple wire.” To start with you can 
put up several antennas, and then use switches to 
pick and choose the right one for the signal you 
want. You caii try all at once for lots of power, 
but, of course, you will have less selectivity. 


COILS: Coil forms and wire sizes also give you 
more than enough variables, that it would take 
years just to wrap that many coils. But you can 
certainly get a wealth of experience in a short time 
if you pay your dues. Try space winding them 
with string in between turns for your short waves. 
You can wrap them on strutts to eliminate the 
form also. You can use different sizes of wire 
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for primaries and secondaries. Or try different 
separations or put the primary on a smaller tube 
and slip it inside the secondary. You can also 
wrap the primary and secondary windings on 
coil forms that turn around on a shaft to change 
their axis to each other. This was done years ago 
and called a variometer, and it worked well. 


CAPACITORS: Capacitors can be placed in 
almost any lead on your crystal sets to change the 
coupling on tuning. Try them in the antenna lead 
and the ground. You can put them in the lead 
to the detector and in the phone return to the 
cold end of the coil and balance the set this way. 
Don’t forget the value of capacitance is a function 
of plate size and the spacing between the plates. 
So, when you see one of known value you can use 
it as a guide to the approximate value of others. 


HEADPHONES: Manufacturers leave little for 
us to play with on our headphones, except you 
can try loosening the caps just a half a turn or 
so to give them a little more sensitivity. Finding 
a good pair that work well will not be easy for all 
of you. Ask your dealer in electronic parts if he 
carries Trimms, they still produce them. It is one 
of the best phones made and he can order them for 
you and they should run under $10.00. Philmore 
Mfg. also produces an ear cushion for the phones 
that save your ears from burning. You will know 
what I mean soon. They are well worth the little 
money they cost. 


DETECTORS: Detectors can be the biggest 
thing in radio today. It is the semi-conductor 
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business that brings us all of the “State of the Art”’ 
electronics. The best detectors for our use can 
only be found by trial. Don’t forget that a light 
pressure is best for your cat’s whiskers. Some 
detectors will be better for short wave than others, 
some sharper tuning and some quite loud so you 
must keep notes. 


Now a word about the art and beauty of these 
sets. I’m sure you have noticed a few sets placed 
in the Chapter photographs that are not discussed 
in the text. These I built with junk, recycled 
parts, knobs, binding posts, boxes and etc. They 
are included to give you ideas on what I like to 
call the color of crystal sets. This is experimenting 
too, but with your skills as an artist and craftsman. 


I hope you find this a rewarding and meaningful 
recreation. It certainly has brought much pleasure 
my way and I thought you might like it too! 


Good DX! 
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GLOSSARY 


AC 


Abbreviation for alternating current. 


ALTERNATING CURRENT 


Electric current such as supplied by the power 
company. This current surges back and forth in 
the line. Power companies supply AC at 
approximately 60 cps. 


AM 


Abbreviation for amplitude modulation. 


AMPLITUDE MODULATION 


The most common form of modulation. It is 
the process of varying the height of the carrier 
frequency above and below an unmodulated 
value in proportion with the audio being trans- 
mitted. 


ANTENNA 


A system of electrical conductors set to receive 
radio waves. 


AUDIO 


Currents or frequencies most commonly heard 
by the human ear. 


CAPACITOR 


A part in radio circuits. Two or more con- 
ductors separated by an insulator, capable of 
storing energy in the electrical field. 
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CARRIER FREQUENCY 
A current set to an assigned number of fluctua- 
tions per second. 


CAT’S WHISKER 
A fine wire of bronze, copper or german silver, 
gold or any good conductor used to make 
contact with a semi-conductor. 


COIL 
Any winding or windings in crystal circuits. 


COIL FORM 
Structure on which wire is wrapped. 


CONDENSER 
A part in radio circuits. A capacitor. Any two 
or more plates separated by an insulator. 


DC 
Abbreviation for direct current. 


DETECTOR 
A part in radio that rectifies radio frequency 
currents into pulsing DC currents. 


DIODE 
A modern radio device, used as a detector, 
rectifier. Miniature piece of semi-conductor and 
cat’s whisker, set and encapulated. 


DIRECT CURRENT 
The flow of electrons through a conductor in 
one direction. 


133 


DX 
Abbreviation for long distance. 


ELECTROMAGNETIC WAVES 
In many forms, traveling at the speed of light. 
Having the ability to generate an EMF, voltage 
in a conductor (antenna). 


EMF 
Abbreviation for electromotive force, voltage. 
The pressure in electrical circuits. 


FARAD 
The name for value unit of capacitance. 


GAUGE (WIRE) 
The term or value size of wire. 


GALENA 
Lead sulphide ore. 


GERMANIUM 
Mineral - ore used in manufacturing crystal 
diodes. 


GROUND 
A connection with the earth. Any conductor 
that makes connection with the earth. The 
electrical property unchangeable in charge. 


HEADPHONES 
A device that takes pulsating D.C. and produces 
sound waves. In crystal sets an impedance of 
2000 ohms or more is used. These phones are 
worn on the head, over the ears. 
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HERTZ 
A term used instead of cycle. One cycle equals 
one hertz, 1000 cycles equals 1000 hz or 1khz. 


HORN 
Any tapered cylinder used to channel sound 
waves. 


HZ 
Abbreviation for hertz. 


IMPEDANCE 
The opposition to alternating currents. 


INSULATE 
Insulator - that property that offers such high 
resistance that no current can pass. 


KILOHERTZ 
1000 hz or 1000 cycles (see hertz). 


KHZ 
Abbreviation for kilohertz. 


MEGAHERTZ 
One million hz or one million cycles. (See 
hertz.) | 


MHZ 
Abbreviation for Megahertz. 


MODULATION 
The process in which the carriers frequency is 
varied to represent the audio or intelligence 
signal to be communicated. 
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OHM 
Term of unit value of resistance. 


PRIMARY 
Term used with inductor. The coil or winding 
that receives the energy first. 


RECTIFICATION 
The process of converting alternating current 
into direct current. 


RESISTANCE 
The opposition to direct current. 


RF 
Abbreviation for radio frequency energy. Oscil- 
lations above 20,000 cycles per second. 


SCHEMATIC 
The name of a blueprint, drawing, or plan 
in symbol form for radio circuits. 


SECONDARY 
The name of the winding in a multi-winding 
coil that receives its energy from the primary 
through induction. 


SHORT WAVES 
The term applied to a group of radio wave 
lengths, from 200 meters to 10 meters. 


SOLDER 
A lead mixture used to bond wires together 
with heat. 
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SPEED OF LIGHT 
186,000 miles per second. 


SUPERHETERODYNE 
Term for a radio receiver that employs a 
mixing of radio frequency energy and a local 
oscillation to produce an intermediate frequency 


SWITCH 
Any device used to make or break a connection. 


TRANSFORMER 
Any two windings that exert their electro- 
magnetic fields on each other. 


TRAP 
A tuned circuit that aids or opposes the flow 
of a specific frequency. 


VARIABLE 
Changeable 


VOLTAGE 
EMF, electromotive force - pressure. 


VOM 
Abbreviation for volt, ohm meter. To measure 
voltage, resistance and current. 


VTVM 
Abbreviation for vacuum tube volt meter. A 
sensitive device used to measure volts and resist- 
ance without affecting change in the current. 
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ORDER FORM 


HOPE and ALLEN 


Publishing Company 
P. O. Box 926 
Grants Pass, Oregon 97526 


Please place my order for copies of ‘‘Radios that Work 
for Free” by K. E. Edwards at $7.95 per book. Please add 
$1.00 per book for shipping. Check must accompany order. 


Ship to: ——_—_ 
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